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Dysglycemiais a common complication of severe acute malnutrition (SAM) in children. Its prevalence and impact on short- and long-term outcomes
are not well described. This systematic review was undertaken to review the available evidence on dysglycemia (either hypo- or hyperglycemia)
in hospitalized children with SAM. The 2 primary objectives of this systematic review were to understand the prevalence of hypoglycemia and
hyperglycemia in children with SAM. A secondary objective was to understand the relation between dysglycemia and clinical outcomes like
mortality in children with SAM. MEDLINE was searched with terms related to children, SAM, and dysglycemia. A meta-analysis of proportions was
completed to determine the hypoglycemia prevalence and a standard meta-analysis was done to determine the relation between hypoglycemia
and mortality. The certainty of the evidence was evaluated using the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) approach. A total of 2148 articles were identified in the database search of which 16 met the inclusion criteria for the systematic review
based on screening done by multiple reviewers. The overall prevalence of hypoglycemia in SAM across studies based on the meta-analysis of
proportions was 9% (95% Cl: 7%, 12%; I> = 92%). Meta-analysis results showed that hypoglycemia was associated with a higher chance of mortality
during hospitalization in children with SAM (OR: 4.29; 95% Cl: 3.04, 6.05; > = 0%). According to the GRADE evaluation, the certainty of the evidence
for the prevalence of hypoglycemia was low and for hyperglycemia was very low. For the relation between hypoglycemia and mortality, the certainty
of the evidence was moderate. A meta-analysis was not carried out for the prevalence of hyperglycemia due to the wide range of definitions used
for across studies, but the prevalence ranged from 2% to 38% in the literature. This systematic review highlights the need for further work in this area
to include serial glucose measurements to understand the clinical importance of dysglycemia during hospitalization in children with SAM.  Adv
Nutr 2021;12:959-968.
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Introduction hospitalized for an intercurrent illness such as gastroenteritis,

Malnutrition is a major global health problem and con-
tributes to at least a third of all child deaths globally (1).
In 2018, over 49 million children under the age of 5y
were wasted, of whom 17 million were severely wasted (2).
Children with malnutrition are more likely to die when
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malaria, lower respiratory tract infections, or measles (3).

Hypoglycemia is the state of abnormally low blood glu-
cose concentrations. The definition of hypoglycemia varies
within the scientific literature and across clinical practice,
but is defined by the WHO as a glycemia concentration
<2.5 mmol/L (45 mg/dL) in an adequately nourished child,
or <3.0 mmol/L (54 mg/dL) in a severely malnourished
child (4). Hyperglycemia is an adaptive stress response often
seen in critically ill patients and is most commonly defined
as a glucose concentration >7.0 mmol/L (126 mg/dL) (5)
although currently no agreed definition exists in nondiabetic
patients.
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There is strong evidence that dysglycemia (either hy-
poglycemia or hyperglycemia) is associated with higher
mortality in children hospitalized with a severe illness (6, 7).
Hypoglycemia has been found to have proinflammatory and
prothrombotic effects and is associated with an increased
risk of cardiovascular events (8). It can also have severe
neurological consequences such as seizures and coma (9).
The hippocampus is particularly sensitive to hypoglycemia
and can lead to deficits in cognitive development particularly
with regard to working memory (10, 11).

Severe acute malnutrition (SAM) is thought to predispose
children to develop either hypo- or hyperglycemia. Low
glycogen stores and wasting with reduced lean mass and
adipose tissue reserves have been linked to hypoglycemia
in SAM (12). In addition, hepatic glucose production
has been found to be lower, especially in children with
edematous SAM (13). Hormonal changes with impaired
insulin responses as well as impaired glucose clearance
potentially increase the risk of hyperglycemia in SAM
(14, 15).

The WHO guidelines on the inpatient treatment of
SAM at nutritional rehabilitation units recommend small
2-3 hourly feeds in the early stages of treatment with an
aim to prevent episodes of hypoglycemia (16). They provide
clear guidance on the screening, recognition, and treatment
of hypoglycemia in emergency situations (4). Despite this,
mortality rates in ill, severely malnourished children who are
hospitalized often continue to be higher than the WHO target
of 5-10% (17, 18). Hemodynamic instability and metabolic
disturbances are thought to be important risk factors for
death during hospital admission (14, 17). It is, however,
not clear from the WHO guidelines what the prevalence of
dysglycemic events is in children with SAM, nor to what
extent dysglycemia affects the risk of morbidity and mortality
in this vulnerable population.

The main objectives of this systematic review were to un-
derstand the prevalence of hypoglycemia and hyperglycemia
in children admitted for inpatient treatment of SAM. A
secondary objective was to determine the relation between
dysglycemia and clinical outcomes like mortality in children
with SAM. The review also explores current knowledge gaps
in the literature around dysglycemia in children with SAM.

Methods

A systematic review protocol was submitted in PROSPERO
(International Prospective Register of Systematic Reviews)
(CRD42020184163). The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
were followed throughout the review.

Inclusion and exclusion criteria

The population of interest for this review was children aged
6-60 mo admitted for inpatient treatment of SAM. The
current WHO definition of SAM includes: severe wasting
(marasmus) defined by a weight-for-height z-score (WHZ)
below -3 SDs or mid-upper arm circumference of <11.5
cm; the presence of nutritional edema (kwashiorkor); or a
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combination of wasting and nutritional edema (marasmic-
kwashiorkor) (19). To be eligible, studies had to involve
glucose measurements during inpatient treatment. The
primary outcomes were the prevalence of hypoglycemia
and hyperglycemia in this population with a secondary
outcome being the relation between dysglycemia and clinical
outcomes. Studies that examined either hypoglycemia or
hyperglycemia were eligible for inclusion. Peer-reviewed
observational and experimental studies were eligible, but
systematic or narrative reviews, conference proceedings,
animal studies, and case reports were excluded. Only articles
in English and those published after 1990 were considered for
inclusion due to the change in terminology and definition of
SAM that have occurred over time.

Search strategy and study selection

MEDLINE (epub ahead of print, in-process, and other
nonindexed citations, Ovid MEDLINE" Daily and Ovid
MEDLINE' 1946-present) was searched on 30 April, 2020
using the following terms: (hypoglycx OR hyperglycx OR
gluck) AND (malnutr+ OR undernutr+ OR thinx OR
marasmus OR kwashiorkor) AND (child«+ OR pediatrs
OR paediatr). Based on reviewer feedback, the Cochrane
Library and Web of Science were searched using the same
search terms on 15 July, 2020. Titles and abstracts were then
screened in duplicate by multiple authors (EL, PH, and AD)
and full texts were subsequently reviewed in duplicate by the
same authors using Covidence software. Reference lists of
included studies were examined to identify additional articles
and additional informal online searches were done.

Synthesis of results

Data were extracted in duplicate by 2 authors (EL and
AD), including country, methodology, dysglycemia defi-
nition, time point glucose was measured, and prevalence
of dysglycemia. Individual studies were summarized in a
table and described qualitatively in the text. Quantitative
data were analyzed in Stata version 16 (StataCorp LP).
Random-effects meta-analysis of proportions was com-
pleted using metaprop to understand the prevalence of
hypoglycemia. Only studies that defined hypoglycemia by
blood glucose <3.0 mmol/L were pooled in this analysis.
Effect sizes representing proportions and 95% Cls were
displayed. A meta-analysis was then done to examine the
relation between hypoglycemia and mortality. ORs and
95% Cls were presented for this meta-analysis. Effect sizes
were considered significant at P values <0.05. Statistical
heterogeneity was evaluated using the I* value. Results
were not pooled for hyperglycemia because of a lack of
established cut-off values for glucose concentrations and
the variability in individual study methods for determining
hyperglycemia.

Certainty of evidence

The Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) approach was carried out
by 2 authors to evaluate the certainty of evidence of the
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prevalence of hypoglycemia and hyperglycemia, as well as the
relation between hypoglycemia and mortality, across studies.
This involved examining reasons for downgrading the cer-
tainty of the evidence, including inconsistency, indirectness
of effect, imprecision, and publication bias in addition to
individual study risk of bias.

Results

The search identified 2145 titles and abstracts and an
additional 3 articles were identified from hand searches
of reference lists of included articles and additional in-
formal online searches (Figure 1). In total, 2110 arti-
cles were excluded and 38 were reviewed in full. Six-
teen articles met the inclusion criteria for this systematic
review, with 15 assessing hypoglycemia and 5 assessing
hyperglycemia.

Prevalence of hypoglycemia in SAM

Table 1 summarizes 15 studies we identified that reported
hypoglycemia prevalence. Six of these were retrospective
studies, 5 were prospective observational studies, 2 cross-
sectional studies, 1 randomized controlled trial (RCT), and
1 case-control study. Studies were performed in countries in
Asia and sub-Saharan Africa. Sample sizes for the studies
ranged from 16 to 6136 children with SAM. Based on the
results of the meta-analysis of proportions, the prevalence of
hypoglycemia defined by blood glucose <3.0 mmol/L was 9%
(95% CI: 7%; 12%; I* = 92%) as shown in Figure 2.

A large 10-y retrospective study of hospital records
of 274,813 children in Mozambique found only 6% of
children with SAM had a recorded episode of hypoglycemia
(20). Another 13-y retrospective study of 45,000 children

Literature search methodology. SAM, severe acute malnutrition.

in Mozambique, where blood glucose was measured on
admission (21), found a prevalence of hypoglycemia of 4.1%
in the 6136 children with SAM. The authors noted that a
significant number (14-18%) of children had an incorrect
registration of height so predominantly weight-for-age was
used to diagnose malnutrition, which could have led to
an incorrect diagnosis of SAM. These retrospective studies
had different types of bias. For example, glucose concen-
trations may have not been measured in asymptomatic
patients.

Ahmed et al. compared outcomes in SAM children
admitted with diarrhea treated by a standardized “protocol
treatment” developed by the study investigators (n = 334)
to those who had nonprotocol treatment (n = 293) (22).
The “protocol treatment” comprised of slow rehydration
(slower than the WHO guideline of the time) (23). Children
who were treated following this protocol were compared to
historical controls of children that had received the current
nonprotocol treatment where feeds were delayed until after
dehydration had been treated (dehydration and malnutri-
tion being treated entirely separately with separate WHO
guidelines of the time) (23). Prevalence of hypoglycemia
(<3 mmol/L) on admission was 7.1% and 8.1% for those
treated according to the protocol and those treated using the
current nonprotocol treatment, respectively.

A case-control study in Bangladesh investigated risk
factors of mortality in children with SAM who had diarrhea
(24). Cases were children who died from acute diarrhea
whereas controls were those who survived. This study found
a high prevalence of hypoglycemia of 31% among cases
(n=98) and 11% among controls (n = 81). All patients had
their glucose measured on admission.

Dysglycemia in pediatric SAM 961



TABLE 1

Prevalence of hypoglycemia in hospitalized children with SAM

Hypoglycemia cut-off

used (blood glucose Time point for glucose Prevalence of

Author/year Country Methodology concentration) measurement hypoglycemia
Ahmed et al,, 1999 (22) Bangladesh e Cross-sectional study <3 mmol/L Admission and during Admission: 7.1%
e SAM children aged 0-5 y with hospitalization protocol, 8.1%
diarrhea nonprotocol
e Standardized “protocol treatment” During hospitalization:
(n = 334) nonprotocol treatment 2.7% protocol, 5.8%
(n=293) nonprotocol
Osier et al,, 2003 (25) Kenya o Prospective observational cohort <2.2 mmol/L Admission 9.4%
o SAM children (n = 522)
Elusiyan et al., 2006 (26) Nigeria e Prospective cohort study <2.5 mmol/L Admission 12.5%
o Children aged 1-14y (n = 392)
e SAM children (n = 16)
Maitland et al., 2006 (17) Kenya o Retrospective study <3 mmol/L Admission 13.6%
o SAM children aged >3 mo (n =
742 with glucose measurements)
Alam et al,, 2009 (27) Bangladesh © RCT of cholera treatment <3 mmol/L Admission 8%
o SAM childrenaged 6 moto 5y
with <48 h history of diarrhea
(n=175)
Chisti et al, 2010 (28) Bangladesh e Retrospective study <3 mmol/L Admission 16.4%
e Infants with SAM and diarrhea
(n=261)
Roy etal, 2011 (24) Bangladesh e Case-control study <3 mmol/L Admission 31% in cases (children
e SAM children <3y who died), 11% in
o Cases (n = 98), children died from controls (children
acute diarrhea who survived)
Controls (n = 81), children who
survived.
Nhampossa et al., 2013 (20) Mozambique e Retrospective study <2.2 mmol/L severe Admission 6%
o SAM children aged under 5y 2.3-3.0 mmol/L moderate
(h =2522)
Shah and Javdekar, 2014 (29) India e Prospective observational cohort Not provided Admission 5%
o SAM children <5y (n = 60)
Kariyappa and Shepur, 2015 (30) India e Prospective observational study <3 mmol/L Admission 28.5%
o SAM children <5 y with either no
signs or some signs of
dehydration (n = 21)
Madrid et al, 2016 (21) Mozambique ® Retrospective study <3 mmol/L Admission 4.1%
o SAM children aged <15y
(n=6136)
Girum et al, 2017 (31) Ethiopia o Retrospective study Not provided Admission 8.8%
o SAM children <5y (n = 545)
Tumwebaze et al., 2018 (32) Uganda o Cross-sectional study <33 mmol/L Within 3 d of admission and 1.3%
o SAM children between 1 and 60 2 h after last feed
mo (n = 235)
Abhinay et al., 2019 (33) India o Cross-sectional <3 mmol/L Admission 21.3%
o SAM children 6-60 mo (n = 108)
Vonasek et al., 2020 (34) Malawi o Retrospective review of electronic <3 mmol/L Within 24 h after admission 4%

medical records database
o SAM childrenaged 6 moto 3y
(n=176)

RCT, randomized controlled trial; SAM, severe acute malnutrition.

A group in Kenya examined the utility of the WHO proto-
col to identify children with SAM at greatest risk of death (17)
using a retrospective case note review of 920 children from
Kilifi. Out of 742 children with SAM they found a prevalence
of hypoglycemia of 13.6%. This was a retrospective analysis
of case notes, relying on hypoglycemia being recognized
and tested for; the prevalence of hypoglycemia was therefore
likely underestimated.

An observational study of 3742 Kenyan children at
admission to a pediatric ward reported a hypoglycemia
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prevalence (<2.2 mmol/L) of 7.3% across all diagnoses
(25). For children with SAM, they found a prevalence of
9.4% amongst the 512 patients whose glucose levels were
tested on admission due to protocol and clinical indicators
(25).

A retrospective study in Ethiopia (31) in 545 children with
SAM found hypoglycemia was the third most common co-
morbidity and complication on admission (after pneumonia
and anemia) and was identified in 8.8% of children admitted.
The major limitation was the retrospective nature of the study



Study ES [95% CI] %
Ahmed, 1999 (22) 0.08[0.06,0.10] 11.24
Maitland, 2006 (17) » 0.14[0.11,0.16] 10.80
Alam, 2009 (27) 0.08[0.05,0.13]  8.80
Chisti, 2010 (28) - 0.16[0.09,0.28]  3.85
Roy, 2011 (24) —a— 0.22[0.16,0.28]  6.40
Nhampossa, 2012 20) [l 0.05[0.04,0.08] 12.27
Shah, 2014 (29) S — 0.05[0.02,0.14]  6.98
Kariyappa, 2015 (30) - 0.29[0.14,0.50]  1.17
Madrid, 2016 (21) [ 0.04[0.04,0.05] 12.43
Girum, 2017 (31) e 0.09[0.07,0.11  10.90
Abhinay, 2019 (33) —— 0.21[0.15,0.30]  4.90
Vonasek, 2020 34) | Jl— 0.04[0.02,0.08] 10.28
Overall <> 0.09[0.07, 0.12]
= 91.94%, p=0.00
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FIGURE 2 Meta-analysis of proportions for hypoglycemia in hospitalized children with SAM. Cl, confidence intervals; ES, effect size; SAM,

severe acute malnutrition.

and its reliance on both clinician discretion to test glucose
and subsequent recording in the clinical notes of the result.

Tumwebaze et al. found 1.3% of children admitted with
SAM (n = 235) to a nutritional rehabilitation unit in Uganda
were hypoglycemic (32). Glucose was measured the morning
after admission and >2 h after feeds.

An RCT carried out in Bangladesh to assess the safety
of rapid intravenous rehydration in children with acute
dehydrating cholera (<48 h of diarrhea) found a prevalence
of hypoglycemia of 8% in 175 children with SAM and cholera
(27).

In an article published this year from Malawi, 7 out of 176
(4%) SAM patients were recorded to have hypoglycemia in
the first 24 h of admission based on an electronic medical
records database. Again, a limitation was that there was
retrospective bias and only 27% of patients had a blood
glucose documented in this system within 4 h of admission
(WHO standards indicate that all patients with SAM should
have blood glucose measured and documented) (34).

Finally, 5 other studies with small subject numbers found
prevalence rates of hypoglycemia of 28.5% (n = 21) (30), 5%
(n = 60) (29), 16.4% (28), 21.3% (33), and 12.5% (n = 16)
(26).

In summary, the studies show varying prevalence of
hypoglycemia in children with SAM ranging from 1.3% to
31%. All but 2 (20, 24) of these studies were based on a
1-time glucose measurement systematically done on ad-
mission or a day after. In 1 study, authors did not clarify
whether the measurements during hospital stay were on
clinical indication or not (22). Common limitations of these
articles were that there was no mention of the timing of the
glucose measurement in relation to feeds or time of day and
limited discussion of the severity of children’s illnesses.

Prevalence of hyperglycemia in SAM

Currently, no guidelines exist on the management of nondi-
abetic hyperglycemic ill children with SAM. We identified
5 studies that explored the prevalence of hyperglycemia in
SAM as shown in Table 2.

Osier et al,, in a large observational study, found a
hyperglycemia (>10 mmol/L) prevalence of 2% in the 512
patients with SAM admitted to a rural district hospital in
Kenya who had blood glucose tested on admission (25).

Tumwebaze et al. found 16.6% of children admitted with
SAM (n = 235) in a cross-sectional study of a nutritional re-
habilitation unit in Uganda (32) were hyperglycemic (defined
as >8.3 mmol/L). Glucose was measured the morning after
admission and >2 h after feeds. Children with oral sores were
found to be almost 3 times more likely to have hyperglycemia.

A case-control study in Bangladesh investigating risk
factors of mortality in children with SAM with diarrhea
found a high prevalence of 38% among cases (n = 98) and
28% among controls (n = 81), with hyperglycemia defined as
>6.5 mmol/L (24). Cases were children who died from acute
diarrhea whereas controls were those who survived.

Finally, 2 small studies in India, Seth and Aneja (n = 55)
and Kariyappa and Shepur (#n = 21), found hyperglycemia
prevalence of 9% and 14.2%, respectively (30, 35), in children
with SAM presenting with dehydrating gastroenteritis. In
both studies, all children with hyperglycemia only received
an oral rehydration solution for dehydration. The studies did
not state the definition used for hyperglycemia.

In summary, data for all studies were based on a
1-time glucose measurement on admission and the preva-
lence ranged between 9% and 38%. The definition of
hyperglycemia varied in the different studies which likely
contributed to the observed differences in the prevalence.

Dysglycemia in pediatric SAM 963



TABLE 2 Prevalence of hyperglycemia in hospitalized children with SAM

Hyperglycemia cut-off

used (blood glucose  Time point for glucose Prevalence of

Author Country Methodology concentration) measurement hyperglycemia
Seth and Aneja, India e Prospective observational cohort Not provided Admission 10%
1995 (35)
e SAM children aged 1-4 y with mild or
moderate dehydration (n = 50)
Osier et al., 2003 Kenya e Prospective observational cohort >10 mmol/L Admission 2%
(25)
e SAM children age >1 mo, max age
admitted to pediatric ward (not
stated) (n = 522)
Roy et al., 2011 Bangladesh e Case-control study >6.5 mmol/L Admission 38% cases (children
(24) e SAM children <3y who died), 28%
o Cases (n = 98)—children died from controls (children
acute diarrhea who survived)
Controls (n = 81)—children who
survived
Kariyappa and India e Prospective observational study Not provided Admission 14%
Shepur, 2015
(30)
<5y SAM children with some signs or
no signs of dehydration (n = 21)
Tumwebaze et al,, Uganda e Cross-sectional study 8.3 mmol/L Within 3 d of admission 16.6%

2018 (32)
e SAM children aged 1-60 mo (n = 235)

SAM, severe acute malnutrition.

Relation between dysglycemia and clinical outcomes
Twelve studies discussed the relation between dysglycemia
and clinical outcomes for children with SAM, describing
increases in mortality rates, and the use of dysglycemia as
a predictor of poor outcomes in this population (Table 3).
Results from the meta-analysis showed that hypoglycemia
on admission is associated with higher odds of mortality in
children with SAM (OR: 4.29; 95% CI: 3.04, 6.05; I> = 0%)
(Figure 3).

A large 10-y retrospective study of hospital records of
274,813 children in Mozambique found a case fatality rate
(CFR) of 7% in children with SAM (20). Multivariable
analysis showed that there was an associated risk of death
with hypoglycemia in SAM. The authors recommended early
screening in SAM to detect and treat hypoglycemia.

In another large retrospective study from Mozambique
(21), 3.2% of all admissions were hypoglycemic (blood
glucose concentration <3.0 mmol/L) with a CFR associated
with hypoglycemia of 19.3% versus 3.3% in those who
were not hypoglycemic. There were 3 main groups inde-
pendently associated with both risk of hypoglycemia and
higher odds of death among patients with hypoglycemia;
I) unable to feed/unconscious, 2) malnutrition, and 3)
concomitant infections. SAM was an independent risk factor
of hypoglycemia [adjusted odds ratio (AOR): 1.12; 95%
CI: 1.07, 1.18]. Fifty-eight percent of hypoglycemia-related
deaths were in children with SAM (AOR: 1.21; 95% CI:
1.03, 1.42). There was also a significantly higher CFR of
12.1% with hyperglycemia compared with normoglycemia.
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This study also drew attention to the fact that, like many
of the previously discussed studies in this review, glucose
concentrations were only assessed at 1 fixed point on
admission. This likely underestimated the prevalence of
hypoglycemia in this population.

A retrospective cohort study done in Ethiopia (31)
explored predictors of mortality among children admitted
with SAM. Overall mortality in children with SAM was 9.3%.
Children with hypoglycemia had a significantly higher risk
of death compared with normoglycemic children with an
adjusted hazard ratio of 2.74 (95% CI: 1.279, 5.87).

Tumwebaze et al. (32) investigated the prevalence and
outcomes of hyperglycemia (>8.3 mmol/L) among severely
malnourished children (n = 235) in Uganda. Glucose
concentrations were measured once after admissionand >2h
after feeds. Those with hyperglycemia had a mortality rate
of 56.4% and were more likely to die compared with those
without hyperglycemia (OR: 8.7; 95% CI: 4.1, 18.7).

A Kenyan study using the WHO protocol of the time to
identify children with SAM at greatest risk of death (17)
found 19% of these children died, with a third of deaths
occurring in the first 48 h of admission. The likelihood ratio
for predicting deaths in the first 48 h of admission in patients
with hypoglycemia (defined as glucose <3 mmol/L) was 4.0
(95% CI: 2.5, 6.3) and for deaths after 48 h was 2.2 (95% CI:
1.4, 3.6).

Another study from Kenya (n = 3742) reported a higher
mortality in children (Weight for Height Z score < —3) with
hypoglycemia compared to children with normoglycemia
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Normoglycemia Hypoglycemia

Study Survived Died Survived Died OR [95% Cl] %
Maitland, 2006 (17) 528 113 55 46 i 3.91[2.51, 6.07] 60.70
Alam, 2009 (27) 161 0 14 0 11.14[0.21, 582.27] 0.75
Chisti, 2010 (28) 45 6 6 5.00[1.09, 22.98] 5.08
Roy, 2011 (24) 72 68 9 30 T 3.53[1.56, 7.98] 17.77
Shah, 2014 (29) 55 13.75[0.85, 222.61] 1.52
Abhinay, 2019(33) 76 9 14 ——— 5.43[1.83, 16.08] 10.02
Vonasek, 2020 (34) 122 31 2 e — 9.84[1.82, 53.14] 4.15
Overall <> 4.29[3.04, 6.05]
Heterogeneity: 1° = 0.00, I = 0.00%, H’ = 1.00
Test of 6, = 6;: Q(6) =2.44, p =0.88
Test of 6 =0: z=8.30, p =0.00

1I 4 1I6 158

Random-effects REML model

FIGURE 3 Meta-analysis of hypoglycemia and mortality in hospitalized children with SAM. Cl, confidence intervals; OR, odds ratio; REML,

restricted maximum likelihood; SAM, severe acute malnutrition.

(20% versus 3.8%) (25). A key finding of this study was
that despite an established protocol for the recognition and
treatment of hypoglycemia, almost a third of children with
hypoglycemia, and either a severe illness or malnutrition,
died.

Three studies in Bangladesh looked at risk factors and
clinical outcomes of severely malnourished children with
diarrhea (22, 24, 28). In the study comparing “protocol”
treatment of SAM children developed by the study investiga-
tors with diarrhea with retrospective nonprotocol treatment,
mortality in the protocol group was 9% and significantly
lower than the 17% mortality in the nonprotocol group
(22). Most of the deaths in children treated according to
the standardized protocol occurred within 48 h of admission
and the risk factors for mortality were: younger age, poorer
nutritional status, increased frequency of hypoglycemia and
septicemia on admission, bacteremia, and greater volume of
intravenous fluids infused. It is difficult to infer which aspects
of management were related to mortality. Furthermore, the
use of historical controls was a limitation of this study.

Roy et al. (24) compared risk factors of mortality in SAM
children who died from diarrhea (cases) to those who sur-
vived (controls). The presence of hypoglycemia on admission
had 3.8 times (95% CI: 1.5, 9.8) the odds of death compared
to those with normal blood glucose concentrations. Other
significant risk factors for mortality included: septicemia
(AOR: 8.8; 95% CI: 3.7, 21.1), hypothermia (AOR: 3.5; 95%
CI: 1.3, 9.4), and bronchopneumonia (AOR: 3.0; 95% CI: 1.2,
7.3).

The third study from Bangladesh, including children (age
not given) with SAM and diarrhea, compared 10 children
who died with 51 survivors (28). They found deaths were
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significantly associated with hypoglycemia (OR 5.0; 95% CI:
1.1, 23.0) and the sensitivity and specificity of hypoglycemia
to predict death were 40% and 88%, respectively.

In the retrospective study of electronic medical records
in Malawi (34), of the 7 SAM patients with documented
hypoglycemia, 5 died and 2 survived. In another study done
in India with a very small sample size, 2 hypoglycemic SAM
patients survived and 1 died (29).

A prospective study in India looking at clinical outcomes
in 108 children with SAM using the WHO triage framework
(4) found that those that died were 2.07 times more likely
to have hypoglycemia on admission after being identified as
having priority signs on triage (33).

In summary, there is an established associated relation
between increased mortality risk and dysglycemia in children
with SAM, but the strength of that relation varies strongly
between studies. It is also worth noting that in all these
studies, glucose concentrations were measured mainly on
admission, and therefore, the risk of dysglycemia for adverse
clinical outcomes during hospitalization and its relative
contribution has not been established for children with SAM.

Certainty of evidence

Based on the GRADE assessment, there was very serious in-
consistency for hypoglycemia prevalence based on an I* value
of 92%. There were also concerns of indirectness of effect
as there was variability in when glucose was assessed upon
hospitalization, which was the case for hypoglycemia and
hyperglycemia. There was also imprecision for hypoglycemia
as the sample size was small within and across studies. The
certainty of the evidence around hypoglycemia prevalence
was therefore low and for hyperglycemia was very low. Lastly,



the certainty of the evidence for mortality was moderate, with
imprecision as the reason for downgrading because of the
small sample size within and across studies.

Discussion

This review has provided evidence that hypoglycemia is
relatively common in children with SAM with prevalence
described in the range of 1.3-28.5%, and up to 31% in
children that died (17, 20-22, 24-34). There were few
studies that reported on the prevalence of hyperglycemia
in SAM but limited data do suggest that it is common
in children with SAM, with prevalence described as 2-
16.6%, and up to 38% in children who died (24, 25, 30,
32, 35). There are consistent data reporting an association
between dysglycemia on admission to hospital and mortality
in children with SAM (17, 20-22, 24, 25, 28, 29, 31-34).

A common limitation for many of these studies was the
reliance on a single time point for the measurement of
blood glucose, often only on admission. The associations
between blood glucose and feeds, and time of day, have not
been described and the immediate and short-term effects of
treatment of states of hypoglycemia have not been reported
in children with SAM.

There are scarce data on whether specific age groups, such
as young infants, are at increased risk of dysglycemia, with
1 study including only 21 children with SAM and diarrhea
reporting an increased risk of dysglycemia in those aged <2y
compared with older children (30). There is also a limited
understanding of how patterns of glucose variability may
relate to long-term developmental outcomes in survivors of
childhood malnutrition (36, 37) and this warrants further
study.

There was variation in the definition of hypoglycemia
(<2.2 mmol/L to <3.3 mmol/L) amongst the studies and
even wider variation in the definition of hyperglycemia
(>6.5 mmol/L to 10 mmol/L) with some articles not
specifying the definition used. Furthermore, many studies
did not specify if they assessed fasting blood glucose, but
this may not have been possible in certain circumstances
such as samples taken upon admission. This made compar-
ison of prevalence data difficult. In many studies, glucose
concentrations were measured based on clinician-driven
decisions, which could underestimate its true prevalence or
could alternatively introduce bias as children with symptoms
consistent with hypoglycemia might have a higher chance of
glucose concentration being measured. Several studies relied
on retrospective analysis of medical notes, which depended
on the blood glucose result being recorded accurately. In
practice, this task is easily forgotten on a busy medical ward
and may also lead to an inaccurate estimate of prevalence.

Furthermore, it is important to note that the certainty
of evidence was low for the prevalence of hypoglycemia,
very low for the prevalence of hyperglycemia, and moderate
for estimates of mortality in children with SAM who had
hypoglycemia. One of the limitations of this systematic
review was that it was not possible to assess the risk of bias of
individual studies since this review examined predominantly

observational studies, many of which had retrospective study
designs.

The exact patterns of glycemia in SAM remain largely
unknown (37), and in high-resource contexts it is reported
that glucose variability is associated with increased mortality
in sick children (36). A way of investigating the patterns of
blood glucose concentrations and identifying any episodes
of asymptomatic hypoglycemia is using a continuous glucose
monitoring system.These have been used in very low birth
weight infants (38) and children with malaria where over
15% of children with hypoglycemia were asymptomatic (39).
Continuous glucose monitoring systems have not been used
in children with SAM before, and could provide valuable
insights into the occurrence, risk factors, and clinical impact
of dysglycemia in these children. Further information on glu-
cose patterns could impact clinical management guidelines,
including refeeding formulations. A potential focus could be
to assess glucose concentrations overnight where much of the
mortality in this population occurs (18, 26).

In conclusion, this review has demonstrated that children
with SAM are at risk of hypo- or hyperglycemia, and
hypoglycemia relates to clinical outcomes like mortality.
Future research should focus on generating more in-depth
data on the prevalence and patterns of dysglycemia during
hospitalization in relation to short-term survival and long-
term health outcomes.
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